Background Local infiltration analgesia and peripheral nerve blocks are common methods for pain management in patients after THA but direct head-to-head, randomized controlled trials (RCTs) have not been performed. A network meta-analysis allows indirect comparison of individual treatments relative to a common comparator; in this case placebo (or no intervention), epidural analgesia, and intrathecal morphine, yielding an estimate of comparative efficacy. Questions/purposes We asked, when compared with a placebo, (1) does use of local infiltration analgesia reduce patient pain scores and opioid consumption, (2) does use of peripheral nerve blocks reduce patient pain scores and opioid consumption, and (3) is local infiltration analgesia favored over peripheral nerve blocks for postoperative pain management after THA? Methods We searched six databases, from inception through June 30, 2014, to identify RCTs comparing local infiltration analgesia or peripheral nerve block use in patients after THA. A total of 35 RCTs at low risk of bias based on the recommended Cochrane Collaboration risk assessment tool were included in the network meta-analysis (2296 patients). Primary outcomes for this review were patient pain scores at rest and cumulative opioid consumption, both assessed at 24 hours after THA. Because of substantial heterogeneity (variation of outcomes between studies) across included trials, a random effect model for meta-analysis was used to estimate the weighted mean difference (WMD) and 95% CI. The gray literature was searched with the same inclusion criteria as published
Introduction
Total hip arthroplasty (THA) is one of the most common and successful surgeries in modern medicine, but it is associated with substantial postoperative pain [43] . Effective treatment of postoperative pain continues to be a challenge for physicians because it can influence surgical outcomes and it has been reported that treatment of postoperative pain often remains insufficient [5, 17] . Effective treatment of postoperative pain is crucial to avoid impairment in mobility, adverse events, and prolonged hospitalization. Enhanced perioperative anesthesia protocols combining preemptive oral medication and the use of peripheral nerve blocks have been shown to improve patient satisfaction after hip arthroplasty and early postoperative rehabilitation [23, 39] .
In recent years, local infiltration analgesia has been incorporated in analgesic regimens for THAs and TKAs. Use of local infiltration analgesia has gained popularity since it was first reported by Kerr and Kohan [30] , and has proved effective in reducing postoperative pain after various surgical procedures [65] . The analgesic technique involves infiltration of the surgical wound and surrounding tissues at the time of surgery with a high-volume, long-acting local anesthetic solution, and frequently, with adjuvants (epinephrine, ketorolac, opioid, or steroids). A recent systematic review and meta-analysis [65] suggested that local infiltration analgesia is an effective analgesic method for THA because its use has been shown to reduce patient pain scores and analgesic consumption.
Head-to-head, direct, comparative randomized controlled trials (RCTs) between local infiltration analgesia and peripheral nerve blocks for postoperative analgesia in THA have not been performed, to our knowledge. In the absence of trials involving a direct comparison of interventions, an indirect comparison can provide valuable evidence for the relative treatment effects between competing interventions [27] . Network meta-analysis, also known as multiple-treatments comparisons, uses novel statistical methods that allow indirect comparisons of individual treatments relative to a common comparator, yielding an estimate of comparative efficacy. Network meta-analysis enabled us to synthesize data from direct (head-to-head) and indirect (through a common comparator) comparisons (comparisons of diverse regimens) [49] . For example, if we have one study that compares treatment A with treatment B and another study that compares treatment B with treatment C, an indirect statistical relative effect of treatment A compared with treatment C can then be inferred. When more treatments are involved (eg, D, F, H), numerous loops of indirect comparisons can be created. With additional treatments, or results from certain pairs of treatments, there may be sufficient evidence to perform direct meta-analyses (eg, two or more trials on A vs B), thereby improving the information network and a greater chance for applicability in practice [35] . In addition, the Bayesian approach enables us to estimate the rank probability that each of the treatments is the best, the second best, and so on [1] . Network meta-analysis could prove especially valuable in orthopaedics where large RCTs are uncommon, and rapidly changing technology further limits direct, head-to-head comparative trials. To our knowledge, our study is one of the first to have used this novel research method in the orthopaedic literature.
The aim of our study was to perform a systematic review and network meta-analysis of RCTs that compared use of local infiltration analgesia and peripheral nerve blocks with a placebo or control, epidural analgesia or intrathecal morphine, for postoperative pain management after THA in adult patients. The objective was to compare the efficacy of local infiltration analgesia and peripheral nerve blocks in reducing patient-reported pain and total opioid consumption 24 hours postoperatively. Specifically, we asked: (1) Compared with placebo, does local infiltration analgesia reduce patient pain scores and opioid consumption? (2) Compared with placebo, do peripheral nerve blocks reduce patient pain scores and opioid consumption? (3) Is local infiltration analgesia favored over peripheral nerve blocks for patient pain management postoperatively after THA?
Materials and Methods
The protocol for our systematic review was established a priori. The methodology and reporting of our review complies with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [36] .
Randomized clinical trials were considered acceptable for inclusion in our study if they met the eligibility criteria following patient and problem intervention comparison outcome (PICO) order ( Table 1 ).
Data Sources and Search Strategies
A medical reference librarian (PE) experienced in searches for systematic reviews developed the search strategy with input from the study investigator (JHJA). We searched PubMed, Ovid MEDLINE, Ovid EMBASE, Cochrane CENTRAL, Web of Science, and Scopus from inception through June 30, 2014. The search strategy used controlled vocabulary supplemented with keywords describing the following concepts: hip replacement, local infiltration, analgesia, peri-/intra-articular infiltration, nerve block, and randomized. To ensure a comprehensive literature search, we reviewed references cited in primary sources. Non-English language studies were excluded from the search. Grey literature was included in the search, with the same inclusion criteria as published trials. Grey literature was defined, based on the Cochrane Handbook [25] , as unpublished reports that are produced by all levels of government, academics, business and industry in print and electronic formats but that are not controlled by commercial publishers. Only one unpublished trial (published abstract) fulfilled our inclusion criteria and contained all the necessary information (after the respective author provided additional information via author contact email) and therefore was included in this review. All other studies included in this systematic review were full published articles. Including data from unpublished studies is a possible way of avoiding publication bias and the support for the use of grey literature in systematic reviews has been evident in recent questionnaires to authors and editors [25] . The full search strategy is presented in Appendix 1 (Supplemental materials are available with the online version of CORR 1 ).
Study Selection
A pair of reviewers (JHJA, CCW) independently evaluated eligibility of candidate titles and abstracts. At both stages of selection, we estimated chance-adjusted agreement Table 1 . PICOS design and eligibility criteria used for the network meta-analysis P Adult patients undergoing unilateral hip arthroplasty. I Local infiltration analgesia or peripheral nerve blocks (techniques for postoperative pain after hip arthroplasty. Studies were included for interventions regardless of the mode of administration (intraoperative and/or postoperative), delivery method (single shot vs continuous infusion), type of local anesthetic, use of adjuvants, and concentration or volume of drugs.
Peripheral nerve blockade included femoral nerve block or 3-in-1 block, lumbar plexus block, psoas compartment block, and fascia iliaca compartment block.
C Placebo or control group for the two pairwise meta-analyses. Placebo was defined as infiltration with normal saline or ''sham nerve block''. Control was defined as no intervention (no infiltration or no nerve block); also study arms receiving patient-controlled analgesia were considered as control groups only if the other study arms also had access to patient controlled analgesia with the same drug, dosage, and restrictions. For the network meta-analysis studies that compared local infiltration analgesia or peripheral nerve block techniques with epidural analgesia and intrathecal morphine also were included. statistics among reviewers with adequate kappa statistic (j = 0.92 for title and abstract review; j = 0.90 for full text review). All disagreements were settled by the opinion of a third senior reviewer (SPW).
Included Trials and Risk of Bias
After consensus was reached, 35 RCTs (2296 patients) were included in the network meta-analysis ( Fig. 1 ). For the pairwise meta-analyses, we included 15 RCTs (1128 patients) and 12 RCTs (732 patients), comparing local infiltration analgesia and peripheral nerve blocks with placebo/control, respectively. The imbalance on baseline characteristics and methodology also were assessed on included trials comparing local infiltration analgesia ( Table 2 ) and peripheral nerve blocks (Table 3) with placebo/control. Baseline characteristics of additional studies included in the network meta-analysis that compared local infiltration analgesia or peripheral nerve blocks Fig. 1 The study selection process is shown. LIA = local infiltration analgesia; PNB = peripheral nerve blocks; EMBASE = Excerpta Medica database; IT = intrathecal morphine; RCTs = randomized controlled trials. Table 3 . with epidural analgesia or intrathecal morphine also were evaluated and explored. (Supplemental Table 1 . Supplemental material is available with the online version of CORR 1 ). The overall risk of bias of the included trials varied from moderate to low (Fig. 2 ) based on the Cochrane Collaboration risk assessment tool [25] . Studies that did not mention if blinding was present or absent were considered at high risk for bias under the blinding categories. Overall, the risk of bias was likely low. Only one unpublished study was included in the overall analysis [11] .
Data Extraction
For each eligible study, data were extracted by two independent reviewers (JHJA, CCW) in duplicate and entered in a standardized data extraction spreadsheet. Disagreement was resolved by input from a third reviewer (PJB). Data items extracted included study characteristics, patient demographics, THA approach, components and administration methods of interventions and comparisons, anesthesia protocol, oral analgesic protocol (pre-and postoperative), and description of rescue analgesia. Additionally, all data pertaining to outcomes were retrieved.
Outcome Measures
The first outcome reported was patient postoperative pain score at rest, measured with a VAS or numerical rating scale at 24 hours. Evidence supports the validity of both pain scales as measures of pain intensity, with relatively small differences in sensitivity and responsiveness between scales in reaction to experimentally induced pain [16] . All pain scores were converted to a continuous 0-to-10 scale (ie, if a VAS of 0-100 mm was used, it was converted to a 0-10 scale) for uniformity of the analysis. When pain scores were reported graphically and the corresponding author did not provide the requested information, the values were derived by extrapolation using Digitizelt software (http://www. digitizeit.de); I. Bormann, Braunschweig, Germany); this method was followed for both outcomes. The second outcome was cumulative opioid consumption (mg) 24 hours after surgery, reported as total intravenous morphine. If the selected RCTs used a different opioid for rescue analgesia, the equivalent intravenous morphine was calculated according to opioid equianalgesic equations [22] .
Quality Assessment
Two reviewers (JHJA, PJB) independently assessed the methodologic quality of each RCT's application of the recommended Cochrane Collaboration risk assessment tool [25] . Some modifications and additions were made to this tool. We assessed blinding at three different levels (participants, personnel/care providers, and assessors), and added three items that may have acted as potential sources of bias (patient baseline characteristics, surgical characteristics, and standardized anesthesia/oral analgesic protocol). The quality of evidence was judged using the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) framework [60] .
Author Contact
We attempted to clarify any uncertainties in results (incomplete data presentation, values shown graphically without descriptions of original data, values provided as median and range) or methodology by corresponding with the authors. The source of the original data (author, researcher) was contacted by e-mail for unclear bias domains, missing information in the primary outcomes, or when questions arose during our analyses. On contact one of the authors provided an additional study [10] . 
Data Synthesis
If the values for continuous variables were reported as median and as interquartile range (IQR) or total range, the mean value was estimated using the median and the low and high ends of the range for samples smaller than 25; for samples greater than 25, the actual median was used [6] . The mean and SD were estimated from the median and the low and high ends of the range for samples smaller than 15, as range/four for samples from 15 to 70, and as range/six for samples more than 70 [6] . If only an IQR was available, SD was estimated as IQR/1.35 [15, 24] . The SD was imputed if it was not available and the appropriate data that permitted its calculation were not provided. We followed the guidelines for imputing SD provided by the Cochrane Handbook [25] . If studies were missing SD for a specific outcome [31, 34, 37, 57] , the SD was obtained from the mean SD of the included studies. This method yielded reliable results when the number of RCTs missing SD was small compared with the total number of RCTs [20] .
Five of our included RCTs contained multiple intervention groups. We combined intervention arms in three studies: single-shot and continuous local infiltration analgesia [54] ; continuous lumbar plexus block and continuous femoral nerve block [39] ; and femoral nerve block and pudendal and paracervical block [7] . For the pairwise metaanalysis, the epidural analgesia arm was excluded for two studies [45, 53] . The combination of intervention arms and exclusion of the epidural analgesia arm was performed according to the Cochrane Collaboration guidelines [25] .
Data Analysis
Two types of statistical analyses were used for the extracted data. The first was a pairwise direct meta-analysis comparing use of local infiltration analgesia and peripheral nerve blocks with placebo or control. We reported the pooled weighted mean differences (WMD) for the continuous variables using the inverse-variance method as the outcomes were measured in the same units and scale. All statistical variables were calculated with 95% CIs using a random-effect model, which incorporated between and within study variability. A random-effect model was selected a priori because of the presence of heterogeneity (variation of outcomes between included studies) among trials owing to the different intervention regimens and delivery methods. Heterogeneity was explored using the Q-statistic, with a p value less than 0.05 suggesting significant heterogeneity between trials. The I 2 value, which estimated the proportion of total variability attributable to true between-study differences rather than chance alone, was calculated. We conducted pairwise comparisons using Review Manager (RevMan V. 5.2; http:// tech.cochrane.org/revman).
The second statistical comparison involved a network meta-analysis that included all RCTs that compared use of local infiltration analgesia or peripheral nerve blocks with placebo/control, epidural analgesia, and intrathecal morphine. To perform indirect comparison, we conducted random-effects Bayesian network meta-analysis using Markov methods in WinBUGS 1.4.3 (MRC Biostatistics Unit, Cambridge, UK), following methods described by Lu and Ades [38] . We modeled the comparative efficacy of local infiltration analgesia or peripheral nerve blocks as a function of each treatment relative to a reference treatment. We estimated the posterior distribution of all parameters using noninformative priors to limit inference to data derived from the trials at hand (ie, we made no assumptions regarding the efficacy of the drugs from data external to the trials included in our systematic review). We updated the Markov model with 100,000 simulated draws after a burnin of 1000 iterations. We reported the pairwise difference in mean and 95% credible interval (CrI, or Bayesian CI), and adjusted for multiple arm trials. Additionally, with these effect estimates along with the 95% CrIs for each of the interventions relative to a common comparator, we calculated the probability that each treatment was the most effective of all treatments compared [27] .
Network Meta-analysis
A network meta-analysis was performed after developing a linkage system of indirect comparisons for patient pain scores and opioid consumption (Fig. 3) . In addition to the RCTs included in the two pairwise meta-analyses, Bayesian network meta-analysis included 10 more RCTs [3, 12, 14, 19, 32, 45, 48, 53, 55, 61] comparing use of local infiltration analgesia or peripheral nerve blocks with epidural analgesia or intrathecal morphine. By introducing the additional indirect comparisons (epidural analgesia, intrathecal morphine) we increased the power and precision of the network meta-analysis (Appendix 1. Supplemental material is available with the online version of CORR 1 ).
Additional Analyses
To explore causes of inconsistency, subgroup analyses were performed and specified a priori according to the possible sources of heterogeneity (Table 4 ). Sensitivity analyses were performed to examine whether results changed when individual trials were excluded in a random sequential fashion. Publication bias was assessed by inspecting funnel plots for each primary outcome.
Quality of Evidence
Overall, confidence in the estimates (quality of evidence) for the comparisons of use of local infiltration analgesia and peripheral nerve blocks was low for reduction in postoperative pain scores and reduction in opioid consumption. The confidence was rated down because of imprecision, heterogeneity, and indirectness. Imprecision refers to wide confidence intervals that make evidence users less certain of the effect. Estimates for pain and total opioid consumption had confidence intervals that crossed the line of no effect and therefore included benefit and harm. Heterogeneity (inconsistency) refers to the variability in the results across trials. Statistically, it is reflected by a large value of the I 2 statistics. Indirectness refers to the situation when the available evidence does not directly answer our clinical question. The optimal evidence for our clinical question would be derived from head-to-head RCTs. However, in this network meta-analysis, most of the evidence is derived from indirect comparisons. The quality of evidence was judged using GRADE [60] .
Results

Pairwise Meta-analyses (direct comparison) of Local Infiltration Analgesia
Compared with placebo/control, use of local infiltration analgesia showed lower patient pain scores 24 hours after surgery (WMD, À0.61; 95% CI, À0.97 to À0.24; p = 0.001). Postoperative pain scores were provided in 13 trials [2, 9, 10, 13, 34, 37, 43-46, 54, 62, 66] , for a total of 987 patients (510 in the local infiltration analgesia group, 477 in the placebo/control group). There was substantial heterogeneity among studies (I 2 = 82%; p \ 0.001) (Fig. 4A) .
Meta-analysis showed that total opioid consumption of patients was lower with use of local infiltration analgesia compared with placebo/control (WMD, À7.16 mg; 95% CI, À11.98 to À2.35; p = 0.004) (Fig. 4B ). Ten trials [2, 4, 8-10, 37, 43, 45, 54, 66] , including 735 patients (384 in the local infiltration analgesia group, 351 in the placebo/control group), reported opioid consumption at 24 hours after surgery. There was substantial heterogeneity among included studies (I 2 = 97%; p \ 0.001).
Peripheral Nerve Blocks
Patient-reported pain scores at 24 hours after surgery were no different with use of peripheral nerve blocks or placebo (WMD, À0.43; 95% CI, À0.99 to 0.12; p = 0.12). Data regarding postoperative pain scores were provided in 11 trials [7, 18, 23, 31, 39, 51-53, 57, 58, 63] , for a total of 670 patients (380 in the peripheral nerve blocks group, 290 in the placebo/control group). There was moderate heterogeneity among included studies (I 2 = 66%; p = 0.001) (Fig. 5A) . Similarly, our meta-analysis found no difference in cumulative opioid consumption of patients between the peripheral nerve block and placebo groups (WMD, À3.14 mg; 95% CI, À11.30 to 5.02; p = 0.45) Seven trials [7, 11, 18, 39, 51, 57, 58] including 430 patients (222 in the peripheral nerve blocks group, 208 in the placebo/control group), reported opioid consumption at 24 hours after surgery. There was substantial heterogeneity among included studies (I 2 = 87%; p \ 0.001) ( Fig. 5B ).
Subgroup and Sensitivity Analyses
For local infiltration analgesia meta-analysis, patients in the subgroup given infiltration containing at least local anesthetic and morphine reported a greater treatment effect compared with patients in other subgroups ( Table 5 ). For meta-analysis of peripheral nerve blocks, patients with lumbar plexus block reported a greater treatment effect compared with patients who received other types of peripheral blocks. Continuous nerve blocks were more effective than single-injection blocks as postoperative analgesia methods (Table 6) .
Sensitivity analyses did not substantively change the results. Removal of any individual RCT in a random Postoperative Analgesia After THA 509 sequential fashion led to no significant change in the direction or magnitude of the effect. Publication bias was not evident on inspection of the funnel plots, however, evaluation of publication bias was not reliable in the presence of heterogeneity.
Network Meta-analysis
We found no differences between peripheral nerve blocks and local infiltration analgesia in terms of patient-reported postoperative pain scores (WMD, À0.36; 95% CI, À1.06 to 0.31 and cumulative opioid consumption at 24 hours after THA (WMD, À4.59 mg; 95% CI, À9.35 to 0.17). In addition, compared with peripheral nerve blocks, use of local infiltration analgesia had a greater probability of being ranked most effective for both outcomes. Rank-order analysis showed that local infiltration analgesia was the most effective treatment in 12% of the simulations for postoperative pain scores and most effective in 32% of the simulations for opioid consumption. Peripheral nerve block was the best intervention in only 0.7% of the simulations for pain scores and the most effective for 0.3% of the simulations of opioid requirements.
Discussion
The THA is one of the most frequently performed and successful surgical procedures in modern medicine and has been called the ''operation of the century'' [33, 50] . Nevertheless, management of postoperative pain after THA often remains insufficient, and there is no agreement regarding the preferred postoperative analgesic intervention [17, 33, 43, 50] . With the emergence of new regional techniques, which have been found to be safe and effective [21, 65] , comes the need to compare the efficacy of these new techniques. However, the comparative analgesic efficacy of these interventions for pain management after THA remains to be seen, as evidence from head-to-head, direct comparative RCTs is lacking. The objective of our investigation therefore was to compare the analgesic effects of local infiltration analgesia and peripheral nerve blocks through indirect methods. Our findings must be considered in light of several limitations. The first is regarding the methods used in the study. Our search strategy excluded grey literature and non-English language studies. The main limitations of the network meta-analysis methodology emerge when trials have different populations or characteristics that lead to [7] were included in two subgroups each for the cumulative opioid outcome and eliminated for the pain scores outcome. These trials had two intervention groups (continuous femoral nerve block and continuous lumbar plexus block [39] ; femoral nerve block and psoas compartment block [7] ) that were combined for the overall meta-analysis as recommended by the Cochrane Handbook. The data from the control group were used twice for the opioid outcome. This method yielded similar results to the overall meta-analysis for cumulative opioid consumption. Removing these trials from the subgroup analysis yielded similar results to the overall meta-analysis for pains scores; WMD = weighted mean difference; § only one study was included in the respective subgroup, therefore the heterogeneity coefficient could not be obtained for this subgroup.
inconsistency (ie, different results of trials in the same pairwise comparison) or when each pairwise comparison has unique characteristics (eg, different populations) leading to differences between direct and indirect comparisons (ie, incoherence). We encountered high heterogeneity defined by the I 2 index, most of which was inherent to the intervention treatments. There was variability among studies in administration methods of local infiltration analgesia and peripheral nerve blocks, time of infiltration, type of nerve block, injection components and respective doses, and anesthesia/analgesic protocols. Different patient self-reported pain scores (VAS, numerical rating scale) and measurement scales (VAS, 0-10, VAS, 0-100 mm) were used in the RCTs included. Additionally, different opioids were administered as rescue analgesics, and conversion to morphine equivalents may have caused inaccurate results.
A random-effects model was selected to incorporate heterogeneity among studies and heterogeneity was addressed with a priori subgroup analysis following established criteria [59] . Some values were imputed and converted from graphic values to numeric values owing to the absence of availability of numerical representation of graphic data. Sensitivity analyses however, showed that our conclusions were not affected by removing any trial, making this of less concern overall. Imprecision (wide CIs that included appreciable benefit and harm) and indirectness (lack of comparison of head-to-head trials) further lowered confidence in the ranking superiority of one intervention over the other. Finally, probability ranking should be interpreted with caution. Although it provides the probability that a certain intervention is the winner or the most effective, it does not provide any information regarding the magnitude of the effect (the absolute benefit over the other interventions) or the risk of bias. Ranking probability results does not represent a clinically significant difference and hides the overall quality of the evidence. The limitations of our study highlight important deficits in the current standard of orthopaedic evidence. Our systematic review showed a scarcity of large RCTs comparing peripheral nerve blocks and local infiltration analgesia with other postoperative analgesic regimens and absence of direct comparative RCTs between interventions. Furthermore, many of the included RCTs lacked depth of reporting their outcomes in a systematic manner. These RCTs illustrated values for pain scores and opioid consumption in a graphic way without appropriate numerical representation. In other cases, studies failed to provide values that described the variability of the outcomes (SD, range, interquartile range). More uniform patient-reported outcome data including pain scales, rescue analgesics used, postoperative functional scores, use of standardized anesthesia protocols, multimodal perioperative pain protocols, and reporting of the efficacy of delivery of postoperative analgesic interventions will be mandatory moving forward to provide consistently useful information. As a specialty, orthopaedics can derive greater understanding of new analgesic interventions and techniques with the initiation of large, well-designed RCTs; otherwise, decisions for patient care will be driven by forms of evidence with greater potential for bias and heterogeneity, such as retrospective reviews. Although there were limitations in using this approach, we were able to include 35 RCTs and 2296 patients by a series of direct and indirect statistical comparisons. We believe this strengthens the interpretation of our data for surgeons making evidence-based decisions regarding which analgesic intervention to use after THAs.
We found local infiltration analgesia to be superior to placebo/control for patient-reported postoperative pain scores at rest and cumulative opioid consumption. By contrast, patients in the peripheral nerve blocks groups reported no differences in pain scores and in opioid requirements when compared with those in the placebo/control groups at 24 hours after THA. The lumbar plexus block showed a greater treatment effect in reducing pain scores and total opioid consumption compared with other types of peripheral blocks. Our data also showed that continuous nerve blocks do not reduce pain scores compared with single injection blocks for postoperative analgesia. These results were somewhat surprising as our experience with peripheral nerve blocks has been positive. We have been using peripheral nerve blocks during THAs and TKAs for more than a decade. These blocks have been the cornerstone of our multimodal anesthetic pathway, and have led to a positive patient experience, improved inpatient rehabilitation, and decreased length of stay. Our experience is supported by studies that showed that that nerve blocks can provide superior pain control with fewer side effects and decrease hospital length of stay compared with epidural regional anesthesia [28, 47] . However, our experience also shows that the results obtained from peripheral nerve blocks postoperatively are highly technique dependent. Today most peripheral nerve blocks are inserted using ultrasound guidance to reliably determine the position of the needle before injection or placement of the catheter. The variability in technique could account for the results in our study.
Local infiltration analgesia is an accepted technique for postoperative pain management after TKA. Gibbs et al. [21] concluded that there is sufficient evidence indicating that local infiltration analgesia reduces postoperative pain after TKA. In contrast, there are mixed opinions and conflicting results regarding the use of local infiltration analgesia after THA [54, 65] . Marques et al. [41] concluded that inclusion of local anesthetic infiltration in a multimodal anesthesia regimen is effective in reducing short-term pain and hospital stay for patients undergoing THAs and TKAs. However, Yin et al. [65] stated that although local infiltration analgesia is a potential approach for reducing pain scores and analgesic consumption during the early postoperative stages without increasing risk of adverse effects, there was no indication that it could help in the later stages of recovery. Furthermore, some authors [28, 54] stated that some of the observed analgesic effects of local infiltration analgesia are attributable to deficiency of a rigorous study design that may have led to bias in reporting results. This bias and analgesic efficacy of local infiltration analgesia could be attributed to a lack of comprehensive multimodal analgesia in some of the included studies. In contrast, local infiltration analgesia is an accepted technique for postoperative pain management after TKA. Gibbs et al. [21] concluded that there is sufficient evidence showing local infiltration analgesia reduces postoperative pain after TKA. Unfortunately, previous systematic reviews regarding the efficacy of local infiltration analgesia as an analgesic treatment after THA have been limited by low number of available RCTs and the variability of design and quality of included studies [29, 42] .
Using the novel statistical network meta-analysis approach, we found no difference between local infiltration analgesia and peripheral nerve blocks in terms of cumulative opioid use and pain scores 24 hours after surgery, although we found that local infiltration analgesia had a greater probability of being ranked first in efficacy for patient outcomes. Local infiltration analgesia does not offer superior pain control than peripheral nerve blocks after hip arthroplasty during the early postoperative period. Nevertheless, the confidence in the estimates is low. This means that future investigations may show different estimates and perhaps future direct head-to-head trials may offer different conclusions in unique patient populations. Users of the evidence derived from this network meta-analysis should acknowledge the confidence warranted by data and convey the level of uncertainty to patients when they counsel them regarding their choice for postoperative pain control.
With minimal if any difference observed in analgesic efficacy among local infiltration analgesia and peripheral nerve blockades, it may be prudent to place greater emphasis on other factors in the decision-making process, namely cost and intervention-specific complications. Local infiltration analgesia has been shown to be a cost-effective treatment option compared with current clinical analgesic regimens (which include peripheral nerve blocks) in primary THAs and TKAs, with the evidence being stronger for hip replacements [40] . Furthermore, local infiltration analgesia appears to be the most economic option according to the data provided by a cost-effective study of two RCTs [40] that compared current clinical analgesia regimens in primary THAs and TKAs. Reduction of as much as USD 350 per hip replacement has been reported by use of local infiltration analgesia instead of peripheral nerve blockade [56] . It is crucial that the theoretical framework for debating whether to use local infiltration analgesia or nerve blockade incorporates intervention-specific complications, safety, and surgeons' expertise. Because the frequency and magnitude of opioid-related complications are dose-dependent, a multimodal perioperative regimen that reduces the opioid requirements is desired. Failure to provide adequate analgesia delays participation in early physical rehabilitation that is critical to achieve a functional recovery and reduced time to hospital discharge in patients who have hip replacement. Our systematic review and network meta-analysis showed similar analgesic efficacy between local infiltration analgesia and peripheral nerve blocks, in terms of patient-reported pain scores and total opioid consumption at 24 hours after primary THA. Attributable in large part to the network meta-analysis technique, to the best of our knowledge, our review is the most comprehensive summary of the available evidence and evaluation of local infiltration analgesia versus peripheral nerve blocks as an analgesic approach for patients undergoing primary THA. This challenging technique is rarely described in the orthopaedic literature [24, 26] and could prove particularly valuable in this field where large RCTs are relatively rare and rapidly changing technology further limits head-to-head investigation of interventional materials. The findings of our study support the use of local infiltration analgesia as an alternative to peripheral nerve blocks as an analgesic intervention after primary THA.
